The genus Dracaena includes more than 50 species, which are mainly distributed in tropical and subtropical regions of Asia and Africa. Dracaena cambodiana is a narrow-distributed species, which is found in Yunnan, Guangxi, and Hainan provinces in China, Laos, Vietnam, Thailand and Cambodia ( Chen and Turland, 2000 ). In 2001, D. cambodiana was listed as an endangered species due to its highly restricted distribution and overexploitation ( Fu, 1992 ) . Considering its medicinal, ornamental and ecological values, an appropriate conservation program is urgently needed to prevent further loss of D. cambodiana . Therefore, it is essential to develop molecular markers for the population genetic analysis of D. cambodiana to provide essential information for the development of a management and conservation strategy.
METHODS AND RESULTS
Total genomic DNA was extracted from leaf tissues of D. cambodiana using a modifi ed cetyltrimethyl ammonium bromide (CTAB) method ( Doyle and Doyle, 1987 ) . A dinucleotide-enriched microsatellite genomic library was constructed and screened using a fast isolation by AFLP of sequences containing repeats (FIASCO) protocol with some modifi cations ( Zane et al., 2002 ) . Approximately 250 ng of total genomic DNA was digested with Mse I (New England BioLabs, Beverly, MA), and then ligated to the adapters (5 ′ -TACTCAGGACTCAT -3 ′ /5 ′ -GAC-GATGAGTCCTGAG -3 ′ ) using T4 DNA ligase (Fermentas, Burlington, Ontario, Canada) and diluted (1:10). Then 5 μ L digestion-ligation DNA fragments were amplifi ed with 1 μ L Mse I-N primers (5 ′ -GATGAGTCCTGAGTAAN -3 ′ ) (25 μ M) in a 20 μ L volume, using a thermal cycling program of initial denaturation of 3 min at 95 ° C, followed by 20 cycles of 30 s at 94 ° C, 1 min at 53 ° C, 1 min at 72 ° C, and a fi nal extension at 72 ° C for 10 min. Approximately 500 -1000 ng of amplifi ed DNA was hybridized with 200 pmol of 5 ′ -biotinylated (AG) 15 oligonucleotide in a total volume of 250 μ L of SSC 4.2 × and SDS 0.07%. The mixture was incubated at 95 ° C for 5 min, followed by annealing at 58 ° C for 2 h and cooled to room temperature. The hybridization mixture was enriched using 600 μ L of streptavidin-coated beads (Promega, Madison, WI), and three nonstringent and three stringent washes were carried out following Zane et al. (2002) . DNA containing repeats were amplifi ed by 30 cycles with Mse I-N primers. The polymerase chain reaction (PCR) product was purifi ed with the E.Z.N.A. 1 Gel Extraction Kit (Omega, Bio-Tek, Winooski, VT) and ligated into a pGEM-T plasmid vector (Promega, Madison, WI) and transformed into DH5 α competent cells.
Recombinant clones were detected by PCR amplifi cation using T7/SP6 and (AG) 10 as primers at the following thermal cycling conditions: initial denaturation of 3 min at 95 ° C, followed by 35 cycles of 30 s at 94 ° C, 30 s at 55 ° C, 60 s at 72 ° C, and a fi nal extension at 72 ° C for 8 min. A total of 100 clones with foreign inserts and relatively long fl anking regions were sequenced using an ABI PRISM 3730 DNA sequence analyzer (Applied Biosystems, Foster City, CA). A total of 74 sequences containing microsatellites were obtained by SSR Hunter 1.3 software huntering ( Li and Wan, 2005 ) and then subjected to primer designing using both PRIMER 3 ( Rozen and Skaletsky, 2000 ) and software oligo 6.0 (National Biosciences). About 40 primer pairs were designed and Key words: cross-species amplifi cation; Dracaena ; endangered species; microsatellite markers. T a, annealing temperature.
used for the subsequent test. These primers are all free of dimer and hairpin structure in 3 ′ -termini, the length of each primer was 18 -20 bp, and the value of T m are ranged from 48 ° C to 60 ° C. The fi nal SSR-PCR system used in screening was optimized by an orthogonal design experiment, and four levels of fi ve factors (Mg 2+ , dNTP, Primer, Taq polymerase, and DNA template) have been tested separately in this system. The results demonstrated the reaction effi ciency was affected by these factors. Based on the results, a stable, productive and reproducible PCR system was obtained: 20 μ L system containing 10 ng template DNA, 0.4 μ M of forward and reverse primers, 2.5 mM of MgCl 2 , 0.2 mM of dNTPs, 2 μ L 10 × Taq buffer and 1.0 unit of Taq polymerase (Takara, Dalian, Liaoning, China). Cycling conditions were 94 ° C for 5 min followed by 30 -40 cycles at 94 ° C for 30 s, 46 ° C -60 ° C for 30 s (number of cycles and annealing temperatures were locusspecifi c; see Table 1 ) , and 72 ° C for 1 min, with a fi nal extension step of 8 min at 72 ° C. The PCR product was then separated on a 8% denaturing polyacrylamide gel and visualized by silver staining. A 25 bp DNA ladder (Promega, Madison, WI) was used as standard for scoring.
A total of 26 of the 40 primers successfully amplifi ed DNA fragments, with 16 showing polymorphism and 10 showing monomorphism. Preliminary population genetics analyses for these polymorphic loci were performed using GENE-POP version 4.0 ( Rousset, 2008 ) . The number of alleles per locus ( A ) was 6 to 14 with an average of 9.188, the expected heterozygosity ( H E ) ranged from 0.668 to 0.940 and the observed heterozygosity ( H O ) varied from 0.333 to 0.875 ( Table 2 ) . Eight of the 16 polymorphic loci departed signifi cantly from the Hardy-Weinberg equilibrium ( P < 0.01), which was due to excess of homozygosites. Analysis of errors using Micro-Checker version 2.2.3 ( van Oosterhout et al., 2004 ) suggested that these loci are likely to contain null alleles. No signifi cant linkage disequilibrium was detected between locus pairs except for locus pair DC136 and DC140, DC435 and DC501, DC435 and DC516, DC003 and DC616, DC448 and DC616 ( P < 0.01). These 16 loci further investigated for cross-species amplifi cation in other four Dracaena ( D. thalioides , D. refl exa , D. marginata , D. gracilis ) species using fi ve individuals for each species. In this test, 14 loci successfully amplifi ed products, and 10 primer pairs among them showed polymorphism in at least one of these four Dracaena species ( Table 3 ) .
CONCLUSIONS
A total of 26 primer pairs in D. cambodiana could be used to assess the genetic diversity and genetic structure of Dracaena species for further evaluation and research.
